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Introduction

▪ Near-field tsunami threats costal line communities

▪ Cascadia Subduction Zone (CSZ) will have “a big one” with high probability

▪ Evacuating to a safe place is one of effective actions 



Introduction

▪ Physical evacuation drill to measure Evacuation Time Estimate (ETE)

▪ Mathematical analysis and simulation to measure ETE

▪ Least-Cost Distance (LCD) model and Agent-Based Model

▪ Uncertainties should be considered during evacuation



Introduction

This study aims to measure ETE and the impact of uncertainty during tsunami evacuation on ETE through two 

different approaches: (1) the deterministic Least-Cost Distance (LCD) model; and (2) the dynamic Agent-Based 

Model (ABM). 

In addition, this research intends to investigate the comparison of LCD to ABM and their applicability

Objectives:



Least-Cost Distance (LCD) Model

▪ ETE = Distance / (walking speed * deduction factors)

▪ Output is a layer of least cost surface

Beach 

Building footprint 

Elevation

Water 

Land cover 

Road network 

Grid
1 5 9 16 25 36 56

2 6 8 9 13 45 74

5 3 5 5 74 25 63

25 58 36 45 23 14 52

56 52 2 3 3 56 14

56 54 45 58 25 12 45

Cost surface for each grid

Workflow of LCD



Agent-Based Model (ABM) 

▪ An evacuee is taken as an intelligent agent

▪ Uncertainties: population distribution, walking speed, and milling time
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Results 

Results of LCD model:

The spatial distribution of ETE map

▪ The ETE information and vulnerable 

area can be extracted from the map 

directly and clearly.

▪ The statistical analysis can show us 

how many evacuees may die in tsunami 

evacuation.   

The statistical distribution of ETE



Results 

Results of ABM model: impact of walking speed on ETE – daytime



Results 

Results of ABM model: impact of walking speed on ETE – nighttime



Results 

Results of ABM model: impact of milling time on ETE –

daytime



Results 

Results of ABM model: impact of milling time on ETE –

daytime



Comparison of LCD to ABM and Their Applicability  

LCD model ABM

Available pathway Any area to walk through Restrict to all kinds of road 

Walking speed Pre-determine × deduction factors Normal or other distributions

ETE calculation Minimum cost of two cells
Shortest path considering population 

density and road segment capacity

Mortality rate Setting a threshold (static) Caught by wave (dynamic)

Uncertainty analysis Unable Able 

Computing speed
Fast (but also depends on scope of study 

area)
slow

Applicability

• Map visualization

• Large scale analysis

• General evacuation plan

• Uncertainty’s impact

• Community level analysis

• Specific evacuation plan



Conclusion

▪ This study measured ETE for near-field tsunami evacuation using LCD model and ABM. 

▪ In the LCD model, the GIS-based Pedestrian Evacuation Analyst Tool was used to visualize the spatial 

distribution of ETE and population exposure. 

▪ The uncertainty during tsunami evacuation, such as population distribution, walking speed, and milling 

time, were investigated in ABM.

▪ Comparison and applicability of LCD model and ABM were made.
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